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What is a UPC = Ultra Peripheral Collision? %

ALICE
e Ultrarelativistic system
e lLarge impact parameter (b > R, + R,)
AA4
e No nuclear overlap . Pb
e Reactions induced by photons with typically “;
very small virtualities, of the order of tens of
MeVZ, dominate Rll <\ ¥ AAA4
<4 U Vg
b >R, +R, A
RN

e Photon flux intensity « Z2
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Coherent J/@ photoproduction in UPCs %

ALICE

Pb Pb

e The virtual photon fluctuates in a gg dipole

e The virtual photon interacts with the target (p,
Pb) and probes its internal structure via the ;
exchange of 2 gluons

e From this interaction a vector meson (J/wp, @') is

C
produced (LO picture) Woep.po I §

e (Clear experimental signature of UPCs: the decay
products of the vector meson are the only
particles detected in an otherwise empty detector ~_ 7

e Q2 ~ myv?2 /4 — the mass of the charm quark p, Pb t p, Pb
provides an energy scale large enough to allow for
perturbative QCD calculations

e In the case of Pb-Pb collisions, coherent interaction with the photon: the photon interacts
consistently with all nucleons in a nucleus

e UPCs are of great interest to probe the target (p or Pb nuclei) and hence search for phenomena at
low Bjorken-x (shadowing, saturation...)
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Part 1: gluon saturation in p-Pb UPCs




i

Gluon saturation and p-Pb UPCs

ALICE
1
o |
e -_
e Saturation: a dynamic equilibrium between gluon ¥ At H1 FDE 2000 0?=10 GeV?
radiation and recombination 5 ZEUS-S PDF

e Black disk limit: area where the number of
gluons stops increasing, fluctuations of the
proton configurations are suppressed

e The exclusive photoproduction of charmonium
off protons (y p = J/w p) is a very clean probe
with which to search for saturation effects, since
o(y p = J/w p) « [gluon density in the proton]? at
LO in pQCD

ref: L.V. Gribov, E.M. Levin, and M.G.
Ryskin, Phys. Rept. 100 (1983) 1.
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https://www.sciencedirect.com/science/article/abs/pii/0370157383900224
https://www.sciencedirect.com/science/article/abs/pii/0370157383900224
https://www.sciencedirect.com/science/article/abs/pii/0370157383900224

Exclusive J/p photoproduction in p-Pb UPC

ALICE
Pb

e In fact, the non-perturbative
object in the cross section is a
generalised parton distribution y
function (GPD)

e At LO, the GPD function Fq(X,&) B
accounts for the fact that the pt
momenta of the ‘left’ and ‘right’
partons carry different proton
momentum fractions X + & and X
— & respectively. . .

(from Phys.Rev.D 101 (2020) 9, 094011)

e The Shuvaev transform: as & - 0 (and att = 0),
GPD Fg¢(X, §) = PDF(x = X + &)

e

relevant values of X in the convolution of the GPD with | #

the coefficient function are of the order of & y
| ——— — e [ =0
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https://arxiv.org/pdf/1908.08398.pdf

Exclusive J/p photoproduction in p-Pb

collisions ALICE
e Pb nucleus is the y-emitter in 95% of the cases
e Center-of-mass energy per nulceon \/% = 5.02 TeV  Pb Pb
e Measurements performed in
» the mid (]y| < 0.8), -
» semi-backward (—2.5 <y < —1.2),

»p semi-forward (1.2 <y < 2.7), W,
» backward (-3.6 <y < —2.6),
» and forward (2.5 <y < 4)

rapidity intervals ~_ 7

0000
oy
00000
=

e p-V* center-of-mass energy given by Wf*p =2E, M;y e where y is the rapidity of the J/y
defined according to the proton beam
e Thus, measurements in ALICE in Run 1 span the Wy, range from 20 to 700 GeV
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Selection of data (mid-rapidity)

ALICE
Inner Tracking System (ITS) ¥z /> Time-of-Flight detector (TOF)
——
= ) feroci]
In| < 0.8 -
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Selection of data (forward rapidity) %

ALICE

-4.0<n<-2.5

i ————

Muon arm
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J/w photoproduction in p-Pb collisions at
forward rapidity ALICE

Pb

e Pb nucleus is the y-emitter in 95% of the cases

e p-y* center-of-mass energy given by
W, =2E, M,y e™ where y is the rapidity of the J/y

U
defined according to the proton beam ut
e Bjorken-x: x o W.2
e 2 most extreme energy configurations obtained . t »
from the muon arm:
the J/yp goes in the direction of the proton: the J/yp goes in the direction of the Pb ion:
(2% 1072 <x <4x107%) (2% 107> <x < 5% 107)

muon 1

n2

oton beam
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Looking for gluon saturation at LHC: published
measurements AL TCE

102 1 104 108 g e o(Wyxp) «[gluon PDF of the proton]?
o) 103_‘ b L ' LA ' | L ' (rrre T
£ - ® ALICE . _ : ~ WO
G ¢  ALICE (PRL113 (2014) 232504) g e Power-law fit o Wy*p
Power-law fit to ALICE dat o eaEs: i
% o o g,d@f‘?j_ i e In a lowest order formulation, o ~ W, — xg(x) ~ x5/
vV  ZEUS 09" i
Q O  LHCb pp (W+ solutions) _Q‘Qj@ é" - : :
z O LHGbpp (W sautons e QA i » a change in slope might be a sign of the onset of
= gluon saturation effects
""" cet E e Fit to ALICE data (Run 1) alone: 06 = 0.68 £ 0.06 —
———— JMRT NLO i C :
................ STARLIGHT param. - no deviation from a power law is observed up to about
NLO BFKL i 700 GeV
CGC (IP-Sat, b-CGC) }
| (ZEUS: 0 = 0.69 £ 0.02 (stat) = 0.03 (syst), H1: 0 =
£ N : 0.67 = 0.03 (stat + syst) )
© O =
= °F E e |LHCb studied the same process in p-p collisions
R Sl et (symmetric system : low energy contribution
2 . A T 2 constrained via HERA data)
0.8F TR 2 .
1k g e HERA: H1 and ZEUS have measured the cross section
0.6 E— . - A iz of J/y photoproduction at energies W,., from 20 to 305
20 30 40 50 60 10° 2102 10° W, (GeV) GeV
from Eur.Phys.].C 79 (2019) 5, 402 G c

e No change in the behavior of the gluon PDF in the proton is observed between HERA and LHC energies
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https://inspirehep.net/literature/1693305

i

Run 2 data in p-Pb (2016)

ALICE
Performance plot for 2016 data at forward rapidity
~. 350
% - ALICE Performance, p-Pb s, = 8.16 TeV data 2013 2016
E L
S 300 UPC, L =~ 8.7 nb - th
- ﬁ p_< 1 GeVic ~M epergy in the 5.02 TeV 8.16 TeV
_lg 250[— 4 <y <-2.5 P Y
> I v Ny, = 1305 £ 39
© 200/ # Maximum Wyxp 900 GeV 1500 GeV
150 — Luminosit 3.9 nb-1in p-Pb 7.6 nb-1in p-Pb
- y (4.5 nb-t in Pb-p) (11.9 nb-t in Pb-p)
1 |
°0 Kinematic regime
- at forward rapidity X ~ 2 %X 104 X ~4 x 106
50— ; (min x)
gt ] L\ S e Lolesas. e Ongoing analysis with the first
5 2 2.5 3 3.5 4 4.5 5 £ of di Stive ] " th
m,, (GeV/c) measurement of dissociative J/y where the

target proton breaks up
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Part 2: gluon shadowing in Pb-Pb UPCs




i

ALICE

What is shadowing?

e Nuclear structure functions in nuclei are different from the A
superposition of those of their constituent nucleons F,
e The nuclear ratio is defined as the nuclear structure function per | ——— e oo feeees
nucleon divided by the nucleon structure function - o - Fermi
p - F\(x, 0?) éantlshadowmg% motion
RFz(x’ Q ) - nucleon 2 . EMC :
T ear gluon density distributi shadowing.
. nuclear gluon densi istribution z
o Gluon shadowing factor R, (x, 0?) = g — .y
gluon distribution in the proton
docon . f i 5
e At LO pQCD, Tt (y*p, Pb = J/¥ p, Pb)| «[gluon density]? [1] 0.1 0.3 08 X
=0 1.Phys.G 32 (2006) R367-R394

oCON, 4 Pb = J/y + Pb)

\ GIA(}/+ Pb — J/w+ PD)
the impulse approximation based on the exclusive photoproduction measurements with the proton target

where GIA(y+ Pb — J/w+ Pb) is the photoproduction cross section in

Hence R (x, 0°) ~

e Can be studied in ultra-peripheral collisions of Pb-Pb nuclei at the LHC via the study of coherent J/y
photoproduction off lead nuclei (y + Pb = J/@ + Pb)

1 https://doi.org/10.1007/BF01555742
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https://arxiv.org/abs/hep-ph/0604108
https://doi.org/10.1007/BF01555742

Pb-Pb collisions in ALICE

ALICE
In the limit t — 0, the Bjorken-x variable can be defined as:
My
X = exp(£y)
SNN

where my is the mass of the coherently produced cc states and vy its rapidity

Pb Pb
,.y*
- J/U, 0 -
W pb .'ié I+
>
\_/
Pb t Pb
My my,
X = exp(—y) X = exp(+y)

SNN V SNN

— Low Bjorken-x values ranging from x ~ 10->to x ~ 10-2 at LHC energies
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ALICE

J/w and @' photoproduction in UPCs

Measurements performed: b Pb

e At forward rapidity (—4.0 < y < —2.5): study of
/@ = Pt -
e At mid-rapidity (|y| < 0.8 in Run 2): study of

C
) J/LIJ = PTH, J/LIJ - efe, J/LIJ — pp Wosp, P ..ié o :

» ' - I+, @’ = J/w ntn- followed by J/p— I+

QCD and hadron structure 2021 - A. Glaenzer 16



Signal reconstruction at mid-rapidity

—h
~
o
o

Counts per 20 MeV/¢?
= o
o o
o o

800

600

400

200

— ALICE, Pb—Pb |5, = 5.02 TeV
- ﬂ UPC, Ly =233 = 6 ub’”
|yl <0.8 p+<0.2GeV/c
- ++ Ny, = 3120 = 61
E N, =38+ 15
N ¥2/dof = 0.86
LT
i | | | | | | | | | | | | | | | II.|| | | | 1

2.6 2.8 3 3.2 3.4 3.6 3.8 4
m,, (GeV/c?)

107 |

o,

ALICE, Pb-Pb |5, = 5.02 TeV

UPC, L,y =233 + 6 ub”
3.00 < m,, < 3.20 GeV/c?

e ALICE data
— Coherent JAy
— Incoherent J/y
— Incoherent J/p with nucleon dissociation
— Coherent JAp from ' decay
— Incoherent J/i from ' decay

— Continuum yy — |l
— Fit: %%/ dof=2.44

y| <0.8

it

—

from ALICE collaboration, arXiv:2101.04577 [nucl-ex]]

06 0.8 1 12 14 16 1.8 2

ALICE
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Signal reconstruction at mid-rapidity
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H_‘III|IIII|IIII|IIII|IIII|IIII|II

lv| < 0.8

ALICE, Pb-Pb |5 = 5.02 TeV

UPC, L, =233 + 6 ub™
pr<0.2GeV/c

N, =2116 = 65

N, =30=18

v?/dof = 1.22

||||||||||||||w|

Ili'I

2.8

3 3.2 3.4 3.6 3.8

4

M., (GeV/c?)

= ¢
UPC, L,y =233 + 6 ub”
I ly| < 0.8 2.90 < m_, < 3.20 GeV/c?
10~ ﬁ_- o ALICE data
N — Coherent JAy
— Incoherent J/y
— Incoherent J/p with nucleon dissociation
B — Coherent Jp from ' decay
B — Incoherent J/i from ' decay
— Continuum yy — |l
10° — Fit: x% dof=1.09
- T s
1073 -1 L %
: I | IE—
- — 1 —o—
: —I_I_
0 02 04 06 0.8 1 1.2 1.4 1.6 1.8 2
P, (GeV/c)

ALICE, Pb-Pb |5, = 5.02 TeV

from ALICE collaboration, arXiv:2101.04577 [nucl-ex]]
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Signal reconstruction at mid-rapidity %

ALICE

40 35

o — O _
s ALICE, Pb-Pb {5, = 5.02 TeV E ' ALICE, Pb-Pb {5, = 5.02 TeV
= — B
2 a0 UPC, L, =233 « 6 ub’ s f UPC, L,y = 233 « 6 b’
&L = c 25
= [ <08 pr < 0.2 GeV/c S “H| Wli<os8 3.0 < m_ (GeV/c?) < 3.2
Q o5 O -
@ — B
- [ NJ/w =61+8 20f
20— _
- 5 15 _|_
- 10|
107 B
s | T
Hi : : o]
C Lt gminﬁnﬁglu“i.‘@ o‘..|{Lm. | =—nm. e cn
8.8 3.4 3.6 3.8 4 0 0.2 0.4 0.6 0.8 1 1.2 1.4
m, ; (GeV/ c?) p. (GeV/c)

from ALICE collaboration, arXiv:2101.04577 [nucl-ex]]
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Measurement of do/dy and comparison with
the models ALICE

e Mid-rapidity:

= -1 : - -
} !—mt - 233 I"Ib (Run 1 data' ;12__ 1 ALICE coherent J/y ; B [«] ALICE coherent w'
integrated luminosity = 55 ub-1) % - _'.j"_fgﬂ’;sljgm“”“ma“°” %2-5_— -- - - Impulse approximation
. T © B —— EPS09 LO (GKZ2) © e STARLIGHT
» measurement of Oyjyp IN 3 I‘apldlty 10— ---.-- LTA (GK2) JUPEL LR EREEE . EPS09 LO (GK2)
intervals L R (o 207 - LTA (GK2)
| — . BGK-I(LS) - ----GG-HS (CCK e )
» N(J/@ — pp) = 3120 8 .. GaHs (K / - ——b-BK(B((DCM)) -
. - —- bBK(BCCM) - 1.5
e Forward rapidity: 6 , i
: .- 41— -
» measurement of oy in 6 rapidity - i
intervals ol a2 0.5
» N(J/w — pp) = 21800 and N(J/y = e 3
— || | . | | | i
— ee) = 2116 04 3 2 ~1 0 i 00

from ALICE collaboration, arXiv:2101.04577 [nucl-ex]]

oCON( + Pb — J/y + Pb) |
\ olAy + Pb - J/y + Pb) '

Nuclear gluon shadowing factor:R,(x, 0% ~

) Rg(x €03-14)% 10_3, Qz) ~ 0.65 £ 0.03 for J/ll] > Rg(x e (0.3 -1.4)x 10—3, Q2) ~ 0.66 + 0.06 for lpl
— good agreement with R (x ~ 107°) = 0.61+0.05_3 o4 obtained from

the measurement at /s,y = 2.76 TeV.
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https://inspirehep.net/literature/1840601

Measurement of do/dy and comparison with
the models ALICE

_ o o | S [ ALICE Pb+Pb — Pb+Pb+Jiy (s = 5.02 TeV
e STARIight: parametrisation of existing data on exclusive E T
photoproduction of J/ off protons, does not include shadowing 3 12|~ L oules aboreimation
e Indication for strong shadowing qualitatively in line with S g‘;g?;'fg(TGKz)
expectations from models that are based on: 10— --- LTA (GK2) T -
» EPS09 LO: parametrization of the available nuclear shadowing data - :xiiﬁm '
» LTA: leading twist approximation of nuclear shadowing based on 8— — Z‘é‘_‘l;'S(L(g)CK)
the combination of the Gribov-Glauber theory and the diffractive - _ b-BK (BCCM)

PDFs from HERA
» HGG-HS: hot-spot model coupled with Gribov-Glauber theory

» b-BK: color dipole approach with saturation based on solution of
the impact-parameter dependent Balitsky-Kovchegov equation

e However none of the models is able to describe the full set of

data
» The data might be better explained with a model where 0: | l | . | | | |
shadowing has a smaller effect at Bjorken x ~ 10-2 or x ~ 5 X -4 -3 -2 ~1 0 y1
10->, from ALICE collaboration, arXiv:2101.04577 [nucl-ex]]

— These measurements allow for a deeper insight into the Bjorken-x dependence of gluon shadowing,
but do not give information on the behaviour of gluons in the impact-parameter plane.
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https://inspirehep.net/literature/1840601

To go further: measurement of do/dt %
(y + Pb = J/y + Pb) ALICE

e First measurement of the |t|-dependence of the Pb Pb
coherent J/w photoproduction cross section in Pb-Pb
UPCs @ ,/syy = 5.02 TeV

e |t|2 is related through a two-dimensional Fourier
transform to the gluon distribution in the plane
transverse to the interaction

» the study of the |t|-dependence of coherent J/y
photoproduction provides information about the
spatial distribution of gluons as a function of the
impact parameter. Pb

» For collider kinematics |t| = pT2

J/w ,u_

00000
Ty
00080000
=

S+

Pb

e Data sample (2018) approximately 10 times larger than that used in previous ALICE
measurements at midrapidity at the lower energy of , /s,y =2.76 TeV

from arXiv:2101.04623 [nucl-ex]

QCD and hadron structure 2021 - A. Glaenzer 22



https://arxiv.org/abs/2101.04623

To go further: measurement of do/dt
(y + Pb = J/w + Pb) ALICE

‘}‘> 10 ALICE Pb+Pb — Pb+Pb+J/p \[STN=5.02TeV a

[0 S B

e Cross sections reported for six |t| intervals fv?, \\ - T ‘E‘i:,iﬁ;i:f;f S:,;lgrpr’ellilt:;:yst.+stat. ]

® COmparison W|th mOdeIS: -CE: B \.\_'\}\_\. Experimental correlated sy.st. |
~ AN UPC to yPb model uncertainty

» STARlight: based on the addition of the photon = | e -

and Pomeron prt (with random phase). The \ij_ i h _

Pomeron pr distribution is given by the nuclear S

form factor.

4 . leading-twist approximation (LTA) of
nuclear shadowing based on the combination of
the Gribov-Glauber theory and inclusive

diffractive data from HERA —~  — - b-BK (gluon saturation) = \\‘{\'a\’
o \
\
\
\ A

III|I|

— STARIight (Pb form factor)
--- LTA (nuclear shadowing) «

» b-BK: based on the color dipole approach, -
scattering amplitude obtained from the impact- . . . ]

. . 4]
parameter dependent solution of the Balitsky- S o " o STARIight/Data_|
Kovchegov equation, incorporates saturation ~15F . - ° LTA/Data
effects § 15 = = & IR g BK/DaE
= 0 0002 0.004 0.006 0.008 0.01 0.012
from Phys.Lett.B 817 (2021), It (GeV* ¢?)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- B G
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Summary

ALICE

e Measurementofdo(y+p—J/w + p)/dWyxp
» In Run 1: saturation has not been found

» In Run 2: luminosity increased, increased maximum accessible energy ~ 1500 GeV ( ~ 900
GeV in 2013), correspondingto x ~ 8 X 106 (x ~ 3 x 10->in 2013) — ongoing analysis

e Measurement of do(y + Pb — J/w + Pb)/dy at midrapidity |y| < 0.8 and in the rapidity
interval -4 <y < —2.5 in Pb-Pb UPCs at /s,y = 5.02 TeV.

» Models not able to fully describe both forward and central rapidity dependence of the
measured coherent J/y cross section.

e Measurement of do(y + Pb —» J/w + Pb)/dt for Bjorken-x range (0.3 — 1.4) x 10-3

» Large data sample expected in the LHC Run 3 + improvement in tracking from the upgrades
of the ALICE detector — should improve accuracy

Thank you for your attention!
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Back up




Dissociative J/p photoproduction

Pb

e In Good-Waker formalism (Heikki Mantysaari 2020 Rep. Prog. Phys.
83 082201), initial and final states are required to be different \

dgy*p—x//\lj X

——— o ), D 1Al = 22<z|A*|f><f|A|z>—Z<z|A*|z><z|A|z>

i fF Wop

= Z<1|A*A|z>— Z (1AL

— <|Ay *n—J/Y p|2> . |<Ay *n—J/Y p>|2

ALICE

I/ _

=

GU000
o
GO000000
=

|

3
s

Physically: we measure the fluctuations of the configurations of the
proton

[y

xf(x,Q°)

0.9 : ——— H1 PDF 2000
L . . . ) Q’=10 GeV’
e The parton density increases with decreasing momentum fraction x o | s zEUssPOF e

» Saturation at low x?

» More sensitive to saturation than exclusive production, since
fluctuations in asymptotic limit of high energies expected to be
suppressed (black disc limit) as well as (more generically)
higher t and hence smaller impact parameter and hence higher
density
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https://arxiv.org/abs/2001.10705
https://arxiv.org/abs/2001.10705

i

ALICE

Saturation

o(y*p — J/I¥ X)
o(y*p — JIYY p)

— JIMWLK

e Black disk limit: area where the number T {  H12013
of gluons stops increasing, fluctuations of L0y I *
the proton configurations are suppressed |

e When the gluon occupation number is 0.8l

large enough, there are important non-
linear effects. These non-linearities can
manifest themselves both as 0.6l

» gluon recombination (compensates
gluon radiation)

» or as multiple interactions with an 0.4}
external projectile

S
W |GeV]

ref: L.V. Gribov, E.M. Levin, and M.G. source : Heikki Mantysaari 2020 Rep. Prog. Phys. 83 082201
Ryskin, Phys. Rept. 100 (1983) 1.
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